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The Influence of I Weeks of Whey-Protein and Leucine
Supplementation on Physical and Cognitive Performance

Thomas B.Walker, Jessica Smith, Monica Herrera,
Breck Lebegue, Andrea Pinchak, and Joseph Fischer

The purpose of'this study was to investigate the ability ol-whcy-protein and leucine supplementation tcl enhance
physicirl and cr:gnitive per{bnnauce ancl body cornposition. Thifly rnodelatcly fit participants completecl a rnodi-
fied Air Force fitness test. a computer-based cognition test, and a dual-energy X-ray-absorptiometry scan for
l"rody compt.lsition l're forc and alier supplenrenting thcir daily cliet ibr 8 wk with either 19.7 g of- whcy protcin
and 6.2 g lcucine (WPL) or a calorio-equivalent placcbo (P). Bench-press perl'ormance increased signilicantly
fron.r Week I to Week 8 in the WPL group, whereas the ini:rease in the P group was not significant, Push-up
perlbrmance incrcasecl signi{icantly for WPl,, ancl P showed a nonsignificant increase. Total mass, fat-liee
rnass, and lean body mass all increased significantly in the WPL group but showed no change in the P group.
No diff 'erences were ohserved within or between groups for crunches, chin-ups, 3-mile-run time, or cognition.
The authors conclude that supplermenting with whey protein and leucine nray prr:vide an advantage to people
whose pcrlbrmance beno[its iiom increased uppel body strcngth and/or lean body mass.

Keyworrls : nutrilional supplenrentation, exercise. body cornposition, ergogenics

Military personnel routinely face rigorous environ-
ments, schedules counter to nonral circadian physiology.
and physically and mentally demanding tasks. Mission
conpletion is so importarrt that sonle military personnel
take rredicatit-rn or dietary supplcnrr;nts ol'unknown util-
ity and sal'oty to accornplish it. In a 2006 survoy o1'U.S.
Air Force (USAIT) memhels, 69%' of respondents admit-
tcd tcl eii lrcr currently using or previclusly using dictary
supplernonts (Greenwood & Oria, 200tt). Howovor, only
19%, bad been plovidecl any official guidance or educa-
tir jn on tl ie cl ' l icacy and salbty o1'tho supplcrrcnts thoy
were using. Thcsc numbors are vcry similal to prcvious
findings ol'supplcmcnt usc in U.S. Arrny soldicrs (Bovil l,
Tharion, & Lichcrman.2003). It would be advantageous
to identity the nutrit ional supplements that could safely
and cllbctively incrcase military-relevant perlbnrance.
Thc dietary combination of wl.rey plotein and leucine has
promise to be such a supplement.

Supplementzrtion with leucine (Crowe, Weather-
son, & Bowclen, 2006) and whey protein (Burke et al.,
200l) has been shown to improve single-bout exercise
perforrnance and chronically increasc' nitrogen balance
and prornclto anabolism, theleby resulting in greater

Walker, Smith, Herrera, L-ebegue, ancl Pinchak are with the
Air Folce l{esearch Labolatoly, Brooks Air Force L}ase, San
Autonio, TX. Fischer is rvith Ccneral Dynamics Advancccl
Inftrrmaticln Services in San Antonio.

physical strength. Crowe et al. observed a l4%' increase
in excrcise time to exhaustion and a 12tk incrcasc in
uppor body power in rowers who were supplemcnted lbr'
6 weeks with 4-5 mg . kg-' . day-' of L-leucine. Work by
Kcropman et al, (2005) has suggest.ed that the combina-
tion of whey protein with leucine may bc more powerful
than either supplernent alone to increase whole-body
nct plotcin balance. Sinri larly, Coburn cL al. (2006)
recontly rr;:pclrted that the combination ol whey protcin
with leucine elicited greater strength gains (.i0'1,) after
lJ weeks o1'supplementalion and unilateral lcg-cxtcnsitm
resistancc tlaining than did a carbohydratc placebo
(22%).

Protc in and branchecl -chain amino acids (BCAA)
may a lso improve cogni t ive per formance dur ing
latigue. Blornstrand, Hassmdn, Eckblorn, and News-
holme (1q91, 1991) and Hassmdn, Blornstrand, Eck-
blom, and Newsholme (1994) observecl that participants
supplemented with BCAAs scored better on both mood
lcvels and cognitive tasks after exercise. However, other
studies hiive not supported this thesis (Cheuvront et
a l . .  2004).

Improvements in strcngth and cognition l ikely
translate clirectly into increasecl opelational c.ipzrbility
licrr rnilitary personnel, partioularly our special clperators.'fhc purpose ofthis study was to invcstigate the ability of
[J wccks ol'whey-pnrtcin antl leucine supplenentation to
enhance physical ancl cognitive perlbnnance and body
composition.
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410 Walker et al

Methods
Volunteers
Alier the protocol was approvecl by the Wright-Patterson
inst i tu l ional  rev icw board.  35 volunteers s igncd an
infirrined-consent docunrent and cornpleted a nredical
screening belbre participating. Thilty-three participants
complctecl the study. 30 men and 3 womc:n. The study was
open to botlt sexes, but because on11, 3 fernale participzints
completecl lhe stucly, aucl because of the inherent dilfic,ulty
in comparing macronutricnt lcsp()nse\ bch^/ccn scxcs,
rcsults lol tho 3 I 'ornalc parlicipants werc renrovcd lor
this rcport. Thc rncan agc of thc rcmaining -10 mirlo par-
ticipants u'as 26.9 + years, ancl 24 of the J0 were USAIi
personnel. AII participants met the following inclusittn
critcria: met the Arnerican College of Sports Metlicine
(2000) definition of low risk. hacl performecl exercise ut
lcast three tirncs per weck l irr the past 3 nrontl is, and had
not used any nutrit icnal supplerncnts 1br at least 30 days
befrlre the stucly start.

Procedures
On acceptaucc rnto the study, participants comploted a
presupplerrent session consisting ol' a clual-energy X-ray-
absorpti ometry body-conrpclsit icm scan (GE Healthoare,
Chalfbnt St. Gilcs, UK), a blooci draw, ancl approxirnatcly
I  hr  o l 'couni t ivc tcst -hal t r ' ry  l r ; r in ing.

Part ic ipants underwsnt  a presupplernent  tcst ing
session 2 clays after their training. In the session they
complctcd a one-rcpetit ion-maximurn (l-RM) bench
plcss and rnuximum chin-up,  push-up,  and crunch
repetit ions conrpletecl within I min. 'fhey wele given
a 3-nrin break bctween exercises. Alter the crunches,
participants rcccived a 5-min rest belore beginning a
timed 3-mile (4.8 kni) run. They were requiled to corr-
pleto l2laps on thc track in irs short a [ime as possiblc.
'I'hcy welo also asked to sprint as krst as possiblo lor tho
last 40 yd (36.6 m). ' l 'his physical testing prok)col wtis a
nrtxli l icat.ion ol'thc stanclard Ait Fcx'cc Physical Fitnoss'Ibst, combincrd with clcmcnts of tho Ail Force Srrccial
Opclations Physical Abil ity Stanrirra'fest. Alicr the run,
participants lrxrk a l0- to 1,5-min brcak be f 'orc bogirrning
thc cogni t ivc test ing. ' I 'he coniputer-based cogni t ive
tcstirlg took approximatelv l-5-20 min ancl inclucled thc
lollowing elerncnts of'lhcAutomatod Neuropsychological
Assessnrent Metric (. lones, Loe. Krach. Rager, & Joncs,
200ti): the Continuous Pcrrformancc Task, thc Stcnrircrg
Mornoly Task, and thc Stanftrrd Slcepiness Scale. During
all testing, participants were allowed water ad lit-ritum but
were not allowed to consume anything olse.

Aftol tho presupplcnrcnt tcstinB. plrt icipaLrts rvere
assigned lo eithel the protein group ol the placebo grtiup
in a rantlonlizcd clouble-blind rnanner. At linal count" lhcre
wt:re l8 rncu in fhe plotein group and 12 in thc placcbo
group. (The imbalance hetwcen groups was the result of
ranclomization with the init ial goal ol40 participanrs, 2
participants who started but did not complete the proto-
col. and the exclusion ol'tho 3 lemale participants' data

frorn the f irral rcsults.) Participants consumed the protcin
or placebo daily lbr 8 weeks. Each packet of the pnrrcin
treatrnent contained I l2 kcal, including 19.7 g of whey
protein antl(t.2 g leucine. Placebo packets contained 1 l2
kcal of ciirbohydrate with 0.0 g prorein. On days they
exercised, participants consumed one packet of powder
30*45 min befc,rre exercising and the sect'rnd packet 30-45
ruin al-telward. Thcy were instructod not to consune
anything other than the supplernent within t hr before
and al'ter exercise. On nonexercise days, participalrts
consumed both packcts in tlie mominr.'I'hroughout the
tl-week supplenrentation period thev were recluiled to
rnaintain USAF standards of physical training. mcaning
that at lcast 3 days a wcck they engagcd in endurancc
lraining (running) along with push-ups ancl crunches. l l '
participants had becn exeroising at volumes or intensities
above these minimuni recluirements befilre the start of the
study, they were allowed to continue doing so. 11'they had
not clone so, thcy were instructed to not cxceed USAF
nrrnirnum physical-training guidelines during the study.
Each clay participants recordcd their exercise to inchldc
activity, cluriition. and intensity. On study cornpletion,
we categorized the participants into three groups.'I 'hose
lvho participatcd in at least 2 hr ol 'resistance training
(R'I ') peL wcek ovor and above minimum guidelinos
were categodzed as high-RT, thosc cornpleting l-2 hr/
r.vcck as rncdiurr-RT, and thoso oourplcting loss than I
hr/wcck as low-Kf. Wc rccorded "packct compliancc"
hy calculating thc pcrcent ol- rcquired packcts that were
actually consumecl by each participant over the tluration
of the study.

Participants roccx'ded thcir tlai I y l cnd consulllpti()l.r
lirr 3 days total, once ncar the beginning o1'the 8-week
period and again near the end of the 8 weeks. The food
logs wcre used prirnarily to onsure that thcy had not rnacle
substantial changes (e.9., I 500 kcal/day) in their dierary
habits during the 8 weeks of the study but also to compare
caloric intake between groups.

At the cnd ol thc {irst 4 wccks palticipants rc:ttmod to
the laboratoty. Conrpliance was nrcasured and a nredical
scrooning accourplishcd, but no tcsting was conductod at
that timc. z\tlcr thc final 4 wecks of consuming thc supplc-
rrrenl or placcbo, participants comple ted postsupplcment
training and testing. These procedures were identical tcl
the l.rresupplement training and testing procedures.

Data Analysis
In i t ia l ly .  a  repeatecl -nreasures analys is  of  var iance
(ANOVA) with one within-participant lactor (wcck)
and one between-participants firctor (treatment group)
r,vas per:fcx'med cxt each outcome measure. Twc'l covari-
atos (lcvel of rosistauce exercisc cluring the study: high.
n.redium,lorv; zrnd packet compliance: 7o ol'packets ti*.en)
wcro includod in tho analysis to adjust lor potontial bias
within the grclups. Aficr reviewing the outcomes of the se
init ial analyses (cletails to be discussecl in the Results
section). we reanalyzcd the data usingANOVAs with tho
covariates removed and perfbrmed additional Student's



paired f tcsts lor each group. separately, to cleterrrtint'
whether therc were signi{icant changes li'orn Woek I to
Week 8. This deviates fiom the classical stance that post
hoc tests should nt'rt be pcrlbrmed unlcss a significant
interaotion is ibund. Givcn thc sample sizcs available
in this study, we were concerned about the power of the
intcraction tcst. For examlrlc, to detect a rclativcly large
standardized cllect size (e.g., ES = 1), tltc power of tho
interaction test is oniy about .75. On the tlther hand, the
paired r tests that we used when testing for Weck I to
Wcck tJ changos have a powc:r of >.9 lbr detocting art.8S
=1. Although tlr is approach ntade us ntore vultrerable to
cornnritting a Typc I crror. we lolt that it would be bettgr
to crr on thc libcral sidc whcn it canrc to rocotnmond-
ing or not recommending thc use ot'the supplernents in
the event that even a small supplemont elltct may givc
athletes, or war lighters, an advantage. ll'irrally, viewing
thc data l'rorn a dil'tbrent pcrspcctive, we calculated tbr
oach outcornc mcasure thc percentage ol'participants in
each group who showed at lcast a 5% irnprovement atrd
comparcd thcsc pcrcentagcs using a chi-squarc tcst. Thc
purpose o1'this approach wus to test the hypothcsis that i l
the supplenrent proved not to he beneficial to all partici-
pants, it r l ight at least show largc bene ficial cl ' lccts on a
greater subsct ol thc participants than rvould be lbuncl in
the ;l lacebo group. All tcsting was perlirrrned at the .05
lcvcl ol ' signi l iclnc:e.

Results
lnfluence of Uncontrolled Factors
There worc trvo uncont.rolled lirctols (cclvariates) that we
l'elt might bias the tests of our plirnary hypothesis that
Weck l-t l changcs would dil{er betwecn thc protein and
placebo groups: the amount o1'RT that the indivicluals
were routinely perfornting and cornpliance in taking the
supplerrent or placebo packets. In thc protein gt'ctup, 4
piLrticipants lvclc classificcl as low-Rl', 5 as meclitrrn-Rl',
and 6 as high-RT. lnlbrnration was r.lot available lbr thc
rcnraining 3 parlicipants. Thcil packct conrpliaucc rangcd
tr<>m 639/t, to 100%,, with only 1 parlicipant bclow 80%.
In the placebo group,6 were low-RT, 1 was medium-RT,
and -l wele high-RT, with inlirrrnation unavailable ibr 2.
'Iheirpacket compliance ranged t'rom l7%t<t 100%,, with
only 2 participants below 80%.

For each outcome measure ol the study, we per-
tbrmed a repeated-measures ANOVA with treatntent
group as a between-ptu't icipants lactor and wcck its
a within-participant factcu', anci we includcd the two
covariates described previously. We fbund no statistical
cvidence, lbr any ol'the outcome mcasuros, that eithcr
of the covariatcs might bo biasing our primary tests (i,c..
there were no significant Group xWeek x Packct Compli-
ancc intcractions. and no signil icant Group x Wcck x I{T
intcractions). Bcc,ause of thcsc findings. wc clccidecl to
reanalyzc the clata. ignoring thc covariatcs. This allowcd
us to incrcarse the sarnplc size and, consequently, the
power firr the plimary tests of interest. (Recall that there
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were 5 participants {br whom wc did not have covariate
information. auci our initial tests werc therelirre baseti
on a reduced number of participants.) The results of the
final stalistical tests are cliscussed here and summarized
inTables I (physical perlbrrnance), 2 (body oomposition),
and 3 (cognitive performzrnce;. Sclme data were nrissing
from thc linal data sets as a result o1'three cognitive-test
computer files being corruptod and non-study-relatcd
injuries to 2 participants that l imited their abil ity to
completc all thc physical posttests. This is rellected in
tho sarnple sizes shown in thc tables.

Physical Performance
Ovcrall, bcnch-press pcrlbrmance incrcasecl signilicantly
(i.e., signil ioant week rnain ellect). However, dcspitc
the fact that there was not a signiflcant group-by-week
interaction, visual inspcction suggcstcd that most of thc
improvement occurred in the supplemented (WPL) *etoup.
Student's / tests showed a significant 3.-5-kg increasc
(3.9%, improvcmcnt) frorn Week I to Week tJ in thr: WPL
group, wherr:trs the increase in thc placebo group was not
significant (1.-l kg for a 1.4% improvement). F'urther'-
more. i'om lhc pcrspectivc ol"'large" changes, lve lbund
that 55.67o (10 ol 18) of thcWPL piuticipiurts showcd a
5%; or Srezrtcl improvenient cuutpat'ed with only 16.7%
(2 ol' l2) of'tho placcbo participirnts. Thosc pcrccntagos
wcrc signifrcantly diff 'crcnt, X'?(l (n = 4.54,2 = .033

Ovcrall push-up perlirnrance increased signi ficantly
(signilicant week main cll'cct). Agaln, cven though thcro
was no significant interaction, nrost of the improvement
was in thc WPI- group, which showed a si-unificant
irrcrease ol' 5.4 push-rtps (12.t\Vo intprovement), cont-
pzued with the placebo group, which had a nonsignificant
increase of 3.3 push-ups (1 .60/r inrprovemcnt). The per-
centagc of panicipants who showed large improvement
6.e.,5a1, or more) in the WPL group was somewhat higher
tlran in thc placebo gt'cttrp (72.2Vo vs.50o/r'), but these twcr
pcrcentages did not dillcr statistically.

Clunch pellbnnance in the WPL group increased
by 3.2 clunchcs (7.27,, irnprovcrncnt), cornparcd with a
1.6-crunch incrcase (3.4%, improvcmcnt) in thc placebo
group. Neither ol'these increases was significant, and they
did not dillel statistically from each other. Iu acidition,
the percentage of participants who showed 5% or greater
imprc'rvement was comparable lbr the WPL and placebo
groups (55.67o vs. 58.3%, rcspectively).

For chin-ups there was a significant group marn
efTect. On averagc, thc WPL group only completed about
hall as many chin-ups as lho placobo group at Week l.
(Participants were randonrly selected for each group and
lvere not nratch-paired. Thus it was solcly by chance
that the gloups ditl'erecl at thc initial prctcst.) Chin-ups
inipmved by 0.6 (10.1%,) and 0.2 (1 .7%) repetit ions l irr
thc WPL and placcbo groups. rcspcctivcly. Although
thc l0.l %, irnplovoment lnay appear irnplcssive fbr thc
WPL group. we point clut that even a small change in
thc WPL group would result in a fairiy large percent
change because of the low count at Week l. Neither of



Table 1 Physical Performance,M x, SD, andTest Results
ANOVA Results

Group Week 1 Week 8 Change Group Group x Week
Bench press
(ke)

WPL
placebo

Chin-ups

WPL
placebo

Cnrnches

W?L
placebo

Push-ups

WPL
placebo

Sprint (s)

WPL
placebo

ll-mile run
(min)

18 89.4+24.0 93.0+24.0
12  9 l . l  +  15 .6  92 .4x .17 .3

l 7  5 .9  x ,4 ,7  6 .5  +  4 .5
12 12 .1  t  5 .0  12 .2  +  5 .4

l8 44.4 + 14. ' l  4'7.6 + 14.9
l2  45 .2  *  10 .0  46 .8  t  l0 . l

l8  42 .2+ 14 .6  4 '7 .6+15.1
12 41  .9  x l l .4  45 .2  +  9 .1

15 6 .7  +  1  . l  6 .4  +0 .8

1 2  6 . 2  +  1 . 0  5 . 9  +  1 . 2

3.-5 + 5.2*
1 . 3  ! 4 . 4

0 . 6  +  1 . 8
0 . 2  x . 2 . 1

'1.2 + 7 .3
1 .6  +  9 . -5

5 .4  +  6 .8*
3.2 + 6.[ i

-0.3 +0 .7
-0.3 t 0.7

F(1, 2fJ) = 0.00
P =0'946

F( r ,27 )  =  11 .04
/ = C)'003

R1 .28 )  =  0 .00
p = .993

F( l, 28) = 0.08
yt = .786

I t ( ,zs)= t .9z
P = '178

F(t, zs) = o.gz
P = '374

F(  1 ,  28 )  =  7 .1  3
P = 0.012

F(1,27)  = 1.29
P = 0.266

F(| ,28)  =2.46
P = '128

F(1 ,28 )  =  1 t . 57
P = '002

11 t, zs1 = 3.9s
2 = '060

F(I ,  25)  = 1.95
P  =  ' 174

F- (1 ,28 )=1 .47
P = '235

F(I ,27)  =0.4s
p -  .508

F(1. 28) = 0.29
1t = .597

F0 ,28 )  =  0 .71
1t = .407

r(1,  2s)  = 0.00
P = '965

l (1 ,25 )  =  0 .29
1t = .596

WPL 16 28.2 * 5.0 27.8 x 4.2 -0.4 + 1.4
olacebo I I 27.1 + 2.5 26.2 x.3.3 -0.9 + 1.3

Note.\NPL = whey protcin and leucine.
*Significant change from Week I to Week 8 (paircd t test. p < .0,5).

Table 2 Body Composition, M t SD, and Test Results
ANOVA Results

Variable Group n Week 1 Week 8 Change Group Group x Week
Body
weight (kg)

WPL 18
placebo 12

Fat (kg)

WPL 18
placebo l2

Vc fat

WPL 18
placebo l2

Fat-free
mass (kg)

WPL 18
placebo 12

Lcan (kg)

86 .8  +  16 .4  [ i7 . l i  +  17 .2
83.0 x' | . '1 82,3 t,7.0

23.1  x .9 .9  23 . .1  t  I0 . l
1 5 . 9  +  7 . 8  l - 5 . 1  +  7 . 6

26.8  x  6 ;1  26 .8  *  6 .5
19.7  +  8 .4  18 .9  r  8 .4

63.7  +  8 .4  64 ,4  +  8 ; l
67 .1  +  6 .6  67 .1  +  6 .1

F ( 1 , 2 { t ) = 0 . 8 1
P = '376

F(1 ,28 )  =  5 .17
2  =  . 031

F ' (1 ,28 )=7 .56
2  = . 0 1 0

F- (1 ,28 )  =  1 .14
P = '295

F(1, 28) = 0.87
P = .-158

F(1, 28) = 0.08
P = '783

F( l, 28) = 0.-50
1t = .486

F',(l,28) = 1.2e
P = .266

r(1,  28)  = 2.53
P = '123

F( l , 28 )  =2 .41
p = .132

F( t . 28 )  =  5 .87
P = '022

F( r ,28 )  =2 .4s
p  =  . 129

F-(1,  2U) = 1.50
P = '231

F( l ,28)  =2. '11
P  = . l l l

F(|. 28) = 2.31
P = .139

1 . 0  t  l . { l *
-0.8 t 2.0

0 . 3  r  1 . 7
*0 .8  +  1 .9

0 .0  +  1 . .5
-0 .7  I  1 .9

0 .7  +  1 .2*
--0.0 t 0.9

WPL I tt 60.4 + 1 .9 61 ,0 + 8.2 0.7 r I .-3+
placebo 12 63.3 t 6.3 63.3 + 6.1 0.0 + 0.9

Nore. WPL = whoy protein and lcucine.
+Signilioant changc lrom Wcck I to Week 8 (paircd r tcst,I < -0-5).

4't2
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Tabfe 3 Cognitive Performance, M t SD, and Test Results

ANOVA Results
Variable 9lgnp*_*'r_ _UsqU _g*I"9___c_lglge _ _*qlgp" Week Group x Week

CPT
accuracy

wPl,
placebo

CPT MRTC

WPL
placebo

Stelnberg 2
accufilcy

WPL
placebo

Stolnberg 2
MITTC

WPL
placcbo

Sternberg 4
accuracy

WPL
placebcr

Stcrntrcrg 4
MITTC-

wPt.
placebo

Sternberg (r
ac'cul'acy

WPL
placebo

Sternberg 6
MRTC

12 87.9  t  15 .2  88 .8  +  14 .  1  0 .8  *  7 .6
I  I  90 .7  t  5 .0  92 .7  +  4 .3  2 .0  +  5 .3

12 455.5 + 843 124.0 x.14.1 --l1 .5 + 6-5.8
| | 4.56.0 + 5-5.8 435.3 + 69.1 -20.8 +.51,8

14 9( t .0  +  4 .2  94 .4  +  5 .1  -1 .6  +  4 .0
I I  92.6 + 8.4 94.9 + 4.9 2.4 + 5.9

l4 ;148.3 + 80.5 421).4 t 70.7 -18.8 + 65.0
I I 117 .7 + 29.3 790.6 + 28,.6 -27 .1 +'33.3*

l4  94 .4  +  5 ,2  95 .4  +  "1 .6  1 .0  +  1 .7
|  |  t )5 .5  +  4 .2  93 .4  x1 ;7  -2 .0  +  5 .6

14 506. I  + 98.7 468.4 t 88.0 -37.7 + 56.2*
I I  41 1.7 + 49,0 45.s.3 r 60.3 -16..1 t  53.7

1 4  9 1 . 9  +  1  1 . 9  L ) 1 . 3  +  4 . ' 7  1 . 4  +  l  l . 5
I  I  93 .4  + .5 .9  94 .2  r  5 .8  0 .8  +  5 .8

I ; (1 ,21)  = 0.57
7t = .459

F(1 ,21 )  =  0 .05
P = .826

I;tt.zl) =<l.qg
1t = .491

F( \ , 23 )  =2 .57
P = '123

111,  23)  = 0.06
P  =  ' u08

F( 1. 23) - 0.63
P = '434

F / t  1 2 r  -  r \  1 {
L \ t , . - ) ) - \ r , . - '

1t = .621

r(1, 23) = 0.40
P = '535

r ' 0 ,21 )=1 .04
p = '319

F(1,  21)  =.1.30
P = .051

l ' ( 1 ,23 )=0 .  1 .5
P = .704

F(t  .23)  = 4.s3
P = '044

l ; (1,  23)  = 0.31
P = '58-5

F(1,  23)  = -s .93
P = '023

F(t. 23) = 0.32
P = .579

[;(1 ,23) - 12.1
P = .002

r ( 1 ,2 r )=0 . r8
P = '615

r ' ( 1 ,2 l )  =  0 .1 l i
P = .674

F- (1 ,23 )=3 .e4
2 = .059

F( l ,  23)  = 0.1.5
1t = .705

I; ',(t,23) =2.63
P  =  ' l l 9

F ( | , 23 )  =0 .92
P = '347

F(t, zr) = o.or
l' = '8'10

F ' (1 .23)=0.2e
1t = .596

WPL t4 619.7 * 153.8 -s-53.5 46.2 t 121.9
+111 .6

placebo I I {r03.1 + 142.4 512.6 + 66.1 -90,-5 +92.7x
Nrle . WPl, = whcy proLcin and loucinc: CP'I -- cogniLivc-pcrltrrrnancc tcst: MKI'C = rcaction linre
+Signilicant changc from Week I (o Wcek 8 (paircd / tcsl. /, < .05).

the changes from Week t to Week 8 was significant. The
percentage of participants who shc'lwed increases o1'57o
or rnore were 60.07c 'mrl41.'lVo lbr theWPL and nlacobo
groups, respectively, and they ditl not dift'er statiitically.

For the 3-ruile run, there was ncl significanr difl'er-
ernce observed lretween groups or over time (decreases
of  0.4 min [1%,1vs.0.9 min [37o]  forWPL and p lacebo,
respectively).The percentage of participants in the pla-
cclro grcrup who irnproved by at least SVd was 45.5Vc (5
o1' 1 | ), curnpared with l8.8% (3 ol 1 6) in the WPL group.
These pcrccntagcs also did not dilfrr statisticaliy.

Ircr the sprint, both groups showed a clccrcase of
0.3 s (4.3a/t, and 4.8% improvernent torWPL and placebo,
respectively). These changes wero not signilicant and
did n<lt ditl'er significantly fiom eaoh orher. See ?rble L

Body Composit ion
For avcrago bocly wcight, there was a signilicant group-
by-week intcraction. Body weight incrcased significantly
by 1.0 kg in thc WPL group and dccrcascd nonsig-
nificantly by 0.8 kg in the placebo group. No significant
ANOVA results were lbund ibr total lat-free mass or
lean body mass. However, when we tested forWeek I to
Week 8 changes in each group $eparstely, total fat-free
mass ancl lean body mass both increased significantly
(0.7 kg) in the WPL group, and neither changed in the
placebo group. For total fat and percent fat, there were
signlficant gror.rp main-effect differences, with the WPL
group having higher vaiues than the placebo group (these
diff'erences. which existed even at Week 1 . are ciearly not
a trcatment oll'ect but rather are the "luck ol'the dr:aw"
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resulting Irorn our rantlom selection process). There were
no signil icant Week I to Wcek [3 changes irr either group.
Although theWPL group demonstrated a significant lean-
mass gain they also gained a nonsigni{icant 0.3 kg of itrt.
Thcrclorc, thcir bociy cromposition did not substantially
improve. See'lable 2. Claloric intake betrveen groups wzrs
not signi{icantly dil'{brcnt. The WPL group consunled
2.008 t 441 koal/day, and the placobo group averaged
2.062 x. 672 kcallday. Outside of the supplenrentation,
the WPl. gr'oup consumed 90.9 t 30.9 g ol-prcltcin per
ciay ancl the placebo group colisumcd 89.2 t 28.8 g/day.

Cognit ive Performance
Accuracy lor thc cognitive-pcrlbnnancc test and Stenr-
berg tests remainetl relat.ivoly cons{ant ltorn Week I
to Week 8 ftrr both groups. 'I'he ANOVAs yielded no
signil icant results, and no signi{icant changes were seen
ltir any of the tes(s lbr either group.

lbr the c<ignitive-performance test and all of the
Sl.ernbcrg tests. thc reaction-time weck rnain-ell 'ect test
w:rs significant, rel'lecting a clecreasc (i.e., irnprovernent)
fionr Week I to Week I frlr both groups. 'I'he greatest
improvcmcnt occurrcrd on the most dil'{icult (Ster:nberg 6)
tcst, with reaction tirne decreasing liorn birselineby 10.7%,
and 15.0% lirr the WPL ancl placebo gr'oups, r'espectively.
Although pilrt icipirnts tt 'ainotl on thcsc c:ognitivc tesls lbr
I lrl approxirnatoly,X8 lrr beforc prc- ancl posttcsting and
wcre nol cxposccl to thc tcsts during thc 13 wccks ol' intcr'-
v0ntion, these irnProverncnts suggest that they mav not
have trainecl to asymptote befble beginning the study and
thcrclbrc showccl imprclvcrnent with r:epetition r.rl'tlrc tests.
Based on the pairecl / tests, the only statistically signilicant
iniprtivernents were seen firr the placebo group duriltg the
Stcrnberg 2 and Stcrnberg 6 tcsts irntl lbl the WPl, group
cluring thc Sternborg 4 test. Hclwover, in no case was thcre
a significant difl'erence between the WPL group change
arrd the placebo group changc. In addition, the percent-
tgc of palticipants who showod lalgc (-5% or greatcr)
improvement was comparable l irr the WPL and placebo
groups (513% vs.46Ia lbr the cognitive-pol' lonnonco tgst.
367) vs. 46(/,, Ior Stcrnbcrg 2,50%, vs.46%, tbt' Stct'nbcrg
4, and 5l(ii, vs.73% fbr Stemhug 6), arrcl in r1o case welc
thcy si gni l ioarrtly cli l lbrent.

Irinally, scores on the Stanf<lrd Sleepiness Scale
rcmaincd essentially unchangcd l'rom Week 1 to Week
8 in both groups, with no signil icant results tound. Scc'Ibble 3.

Discussion
The plinrary {indirrgs of this investigation wer:e that 8
wceks of supplemental whoy protein with ler-rcinc rcsulted
in mild increases in muscle sttength and learr body rnass
but did not prorrrotc incrcascs in cndulancc pcrlbrrnanco
or cognitive pcrformancc.'I'hc increases in stlcngth and
lean body mass were not as large as was demonstrated
in two previous, similar investigations (Cribb, Williams,
Stathis, Carey, & Hayes. 2007; Wilioughby, Stout, &

Wilbonr. 2007) but appear to be gre ater than in two other
provious, sirnilar investigations (Kerksick ct al., 2006;
Mielke et al., 2009).

Despite a nurnber of investigations thero is not yet a
clear consensus on thc inlluence ol supplemental whey
protein and/or leucine on strength as reflected by 1-RM
bench press (BP). Kerksick et al. (2006) supplementecl
participants rvith whey and casein, whey and BCAAs. or'
placebo over' I 0 weeks of R1'. 'fhey obser"ved a significant
incrcase in l-RM BP in all 3 groups with no dillbrences
betwcen thc groups, although the whey and cascin group
trencled slighlly higher. Similarly, Mielke et al. (2009)
lirund Lbat a whey and leucine group, a c:arbohydrate
gloup. and a control group all incrcased thcir' 1-RM BP
signil icarrtly over 8 wccks with no cliffelences between
groups. In contrast, Cribb et al. (2001) reportecl that
participants supplemented with whey protein over I I
lvccks ol'RT significantly increasecl their I -RM BP over
their Weck 0 baseline and that the change in the whey-
protein group was significantly greater than that of a
carbohydrate-supplerncnted group. Burke ct al. (2001)
and Wiiloughby et al. (2007) observed that both a protcin
and a placebo group experiencecl significant increases irr
stlength as rcllected by l-RM BP civer ir 10-week periocl,
with the increasos lbl the protein gr..oup being greater
thrm those ol'the placebo group. Our results lend suppot't,
albcit. milt l, I.o those ol'Willou.uhby et al. and Cribb ct al.
(2007): wc obscrvcd a significant l-RM BP incleaso of
3.54 kg llrrrn Week I to Wcck 8 irr the Wl?I. gloql and a
nonsigni ficant I .32 kg increase in the carbohydrate group.

One notable difference between the ourrent str-lcly
ancl rnclst ol 'those that have observed signi{icant physio-
logical and perlbnnance gains is thc lcngth of the trials.
The current study was 8 weeks long, wheleas the studies
showing the grcatcst gains from the use of whey prr.rtcin
ancl /or  leucine werc l0  wceks (Burko et  a l . ,2001;Wi l -
loughby et al., 2007) or I 1 weeks (Cribb et al., 2007.1 in
dulation. Another important distinctitx is that all of the
alirrcmentioucd studies incorporated a staudardized RI'
progru'n lbr participants in all groups, whereas the cun'ent
study did not. This study simlrlv iusistod that pcrticipants
maintain the USAIi minimums fbl physical traininB,
which did not inclurle substantial traditional, extcrnal
wcight-based RT (e.g., bonch press, dead li l i , otc.). We
perlbrmed a lnore detailed retrospective inspection of
the bcnch-press data and lound that the pcrcentage of'
participants who routinely porlbrmed low lovels o1 RT
tbr the dulation of the study but wbo showed large (-5%, or
greater) improvcment in thc bench press wore about the
sarnc in the WPL and placobo groups (25.07o vs. 16.1o/t:,
respectively). However, for participants who perforrned
mediurtr to high levels t.ll-RT (using extelntrl weights)
a highcr percentage showed large implovoments in thc
\YPL gnrup thar.r in the placebo group (54,4(/t' vs.25.0%;).
Thcsc uumbcrs, although not stirtistically signi{icant, sug-
gost that an individual who routinely tbllows a rigolous
RT l.rrogram may benefit liom supplerrrental whey and
lcucine to a greater degree than one who does not iirllow
such a program.



We also observed a significant increase in push-ups
(5,4) by the WPL group, whcreas thc placcbo group
showed a nonsignificant increase of 3.3 push-ups. ln
the other rnuscle-endurance parameters we measured
(crunchcs, chin-ups), none of the changes lion Weok 0
to Week 8 wele significant, nor were there observed di1.
ltrcnce s betwccn groups, trhhough the scores of the WPl.
group did tlend slightly highor. Push-ups and clunches
ale an in tegra l  par t  of  the USAF'  physical - t ra in ing
program, ancl nearly all participants perlormed them
legulally during the stucly. Chin-ups iire not a standard
IJSAF exelcisc. Most previous stLrdies that havc exi.rrl-
incd the inllucncc ol'supplernontal prdcin on physical
pcrformanco havc not exanrined its influencc on musclo
endurance. However, Kerksick et al. (2006) rcported no
signi f icant  d i t lerences over  10 weeks in  nunrber  o1 'BP
repetitions tI 80%, l-RM, with no cliff'erences between
groups. Similarly, Mielkc'et al. (200c)) did ncx observc
significant dil lblences in the nunibc:r cll BP and lcg-
extension l'epetitions between a rvhey and leucine group
irntl a control group aftcr 8 weeks ol'supplementation.

No cliilbrencos in c:rrdiorcspiratclly endurance werc
dernonstrated by either group in their'3-nri le-run tirnes
overr tlre tl-wcck test pcriod. This is in contrast to Crowc
ct al. (2006), who obselved that rowol's supplcnicnted
rvith leucine lirt'6 weeks iruprovecl their 70*75% V0r,,"ou
rowing {irne to oxhirustion by ovcr l0 rnin while a placcbu
group clid not improvo. Thc disparity rnay be the rcsult
ol ' motieratc-intensity rowing's potentially placing a
greater demand on strcn-s.th charactoristics than modcrate-
intensity running. ln the current study liigh-intensity lun-
rring perlbm'rance was not inlluencqcl by supplcmcntalion.
Howevcr. because thc 40-yd sprint was done at the cnd
of a 3-mile run it is unlikely that our splint test was a
tiuc tcst cll'porvcr.

Tlrc WPL group expelienccd signil icant incrrases
fi'<lrn Week 0 to Week 8 in total body weiglrt and lean bociy
rnass whilc the placcbo group clid not. Bcidy conrpclsiticxr
clid not changc siguiticantly over tirno lor oitlier group,
nor was there a dil l 'ercnce betwcen gloups. ' l 'he gain in
lciur br-rdy miiss w0 obscrvcd rnirrors goins obscl'vcd in
prcv ious studics (BLu'kc ct  a l . ,200l lCl ibb.  Wi lhams,
Carey, & Haycs, 2006; Cribb ct al., 2007: Kcrksicl<
ct al., 2006; Willoughby et al., 2007). Kooprnan ct al.
(200-5. 2006) demonstrated that ingesting supplernental
whey plol.cin with lcucrine significantly increases nitro-
gen balance. Such an increase ovol'an S-week period
woulcl explain the increase in lean body mass that we
observccl. The other possibility is that the WPL group
sinrply consumed rnore calories (and/or rnore prtitcin
beyond the supplement) or expended f'crver calories over'
the 6-wcek period than did thc placebo group. Howcvcr,
thc rc:sults li'orn 3-clay diet logs rocorded tivice ovel the 8
weeks do not indic:ate a dill'erence in calolies consunreel
bctlvccn groups. Although wo instluctcd our participants
to cat thcir usual diet and took clict-analysis "snapshots,"
wc tlid not control or track total calor-ies consumed or
expencled over thc entire course oi the stucly..just as we
did not qontlol participants' physical-traiuing regimens.
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This was based on a goal ol'heing able to tell our ainnen
that simply adding a claily whey ancl leucine supplerncnt
to their normal routines would (or would not) provide
cnhancccl pcrlirrnranc:c.

We hypclthesizecl that supplernental WPL could
enhance cognitive performance during physical fzrtigue
by stav ing of l '  centra l  la t igue and/or  up-r 'egulat ing
mammal ian target  o1 rapamycin ( rnTORl.  Ccntra l
fatigue implicates serotrxin accumulation as a primarv
cause of clecreasecl physiciil ancl cognitive pcrlbnnance
(Romanowski & Grabicc, 1974).'I'ryptophan entering the
cenlr"al nervous systern increases proilucti()n o1'serotonin.
potentially producing central l iLtigr-re. The mcclianism
rcsponsible tbr transporting tl'yptophan into the centrai
ncrvous system is the samc systern that transports IICAAs
like lcucine into tho central nervous system (Chaoul<tfl ' ,
I 989). If BCAA concentrati<ln and, therefbre, the ratio ol'
BCAAs to unbound tryptclphan are increased, the BCAAs
compete with unbound tryptophan lor entrance into the
central nervous system. 'fhis c<luld lead to less selotonin
production, staving oll 'central lhtigue and a hypoth-
esizcd cnhanccment. or maintcnance ol porltrrmance.
[Jp-regulation of mll'OR is anotlier mechanism by which
'uvhey and lcucine supplcmcntation could potentially bcn-
elit cognitive pcrlormanco. mTOR is a complex protcin
integrating signals ol 'the energetic status ol'the cell and
cnvironnrental stirnuli to ccxttrol protoilt synthosis and
brcakdown, thcrcby controll ing ccll growth. Although
research as to the cause and cf'fbct of'increascd rrrTOIl
levels is inconrpletc, it is suspected to p<lsit ivcly inlluonce
not only strength and lean body rnass (Bodine, 2006)
but alscl cognition and leaming (Klann & Sweatt, 2006).
Leucino supplomcntation appears to be an up-rogulator oi'
rn'fOR (Norton, 2006), However, despite the theoretioal
bcnelits ol ' these two systcnrs, cognitivc-tcst lrcasures
in the cun'ont protclcol were genorally unchanged li'om
Week 0 to Week 8 and between groups.

Sonre protocols have indeccl rcported a positive el'lcct
oi BCAA supplerncntation on cognitive per1'ormancer
cornparecl with water (l3lomstrancl et al., 1997; Stli.ider
ct al., 1998) or calbohydratc ingcstion (Hassnrc<n ot a[.,
1994). Ilowcvel', rlonc of thcse studics rcportcd plovid-
ing an isocakrric control condition. Portiel et al. (2008)
clid provide an isocalclric contl 'ol. Thoir participants ate
a "standard" diet or isocaloric BCAA-supplemented
cliel during ii 32-hr sailing competition. Although they
clid not report di11'erences in physical peribrmance or
in other cognitive-performance tests between groups,
they tlid observe that the standard-diet group sullered a
significant decrease in short-term melnory perlbrmance
over the event rvhile the BCAA-supplemented group did
not. (lheuvlont et irl. (2004) also provided an isocirloric
placebo but lailed to observe any influonce of BCAA
supplementation on cognition irr hypcihyclrated par-
ticipants bclbrc or altcr a strcnuous cycling bout in thc
hoat. Contrary to the currcnt study, none ofthcse studies
atlministered rvhey protein with leucine. Insteacl they uscd
various combinations o1 valine. Ieucine. and isoleucine. In
acldition. previous studies examiniug the eff'ect of BCAA



416 Walker et al.

supplernentation on cogniticm used single or short-term
doses. The currellt protocol appears to be the first to
examine the eft-ect of chronic arnino acid supplementa-
tion on cogniticln alter exercise. However, results of this
study did not show any ovidcnce ol a positive ellbct ol'
whey-protein and Ieucine supp)ementation on cognition.
Wc suspect that thc exercisc stress our participants expe-
rienced may not hirve been severe enough to engender
substantial central fati gue.

Conclusions
Based on the result of this invostigation, although there
is a lac,k ol 'strong statistical cvidence , wc obscrvcd sul'-
f icient trends to sug-sest that 8 weeks ol'WPL supplemen-
tation while aclhering to standard USAF physical-trainirrg
guiclelines rnay be mildly e{i 'ectivc at increasing lcan
body mass ancl upper body muscle strength. Individuals
who routinely fbllow a vigorous KI'program may henefit
to a grcatcr degree than those who do not fbllclw such
a prograrn. However, such a supplelnentation regimen
appeafs to be ineffective at influencing endurance per-
forrnance or cognitive pcrlbnnirncc. As such, we) suggcst
that WPL supplementation rnay provicle some bcnolit to
athletes and rnil i taly personnel whose specialt ies depend
highly cxr sh'ength.

Acknowledgments
'l'his study was fi.rndecl in parl by a griint fiorr) General Nutri-
t ion Clenters, lnc.

References
American Ct.rllcge of Sporrs Meclicinc. (20001. ACSM'.r g,uide-

I.ine,s.for e.r,err:i,se te:;ting arrd pre,sr:ription (6th ed.). Phila-
clclphia, PA: Lippincott Wil l iams & Wil l iams.

Blomstrancl.  E., I lassrnin, P, Eckblorn. B.. & Ncwshohne, E.A.
(199|).  Administral ion o1' branched-chain amino acids
cluring sustaincd exerciso-Etl'ects on perfbnnance and
rrn plasma concentntion of somc amino acit.ls. l\uopean
J Lt u r n a I o I' A p p I i e d I' I r.t,s io I o 91,, at"l, i{3-88.

l l lonrstrrncl,  E.S., I lassn'rcin. P., Eckblonr, IJ.,  & Ncwsholnrc,
i : i .A. ( I  997). I  nl l  uence ol ' ingesting a solut ion ol branched-
chain amino acids on pcrceivecl exertion chrring exercise.
' A t' t a P I t.;'.s i rt I o g i r a Sr: un tl i r tut i t' u, I 5 c), 41 49.

Bcxline S.Cl. (2006). m'l'OR signaling and the moleculal adiipta-
tk)n to resistance exercisc. i.4eclit:irrc und St:ience in Sports
and Exen:i,ve,.l8( 1 1 ). I950-19.57.

Bovill M.ll., Tharion W.J., & l-ieberman H.R. (2003). Nutritiun
knowledge and supplement use iimong elite Ll.S. army
scrl cliers. M i I it a ry M e dk: i ne, I 6 8 ( | 2), 997- I 000.

I lurke, D.G., Chil ibeck. I lD., Davi<lson, K.S., Candow, l) .G.,
Farthing, J., & Srnith-Palnrcr, T. (2001). The cf'fbct of
r.vhey protein supplementation with and r,vithout clcrtinc
rnonohyclrate ccxnbined with rcsistance training on lean
tissue rnAss and muscle strength. Internu.tional Jountul of
Sport Nurritktrt und li.rercise Metaholi:;nt, I l('3), 149-364.

Chaoukrfl. Il ( I 989). Physical exercise and brain monoamincs:
A review. Actu Physiologica ScaruLinat,ica, 137, 1-13.

Chaouloll', F. Elghozi, J.L., Cuezennec, Y, & Laude. D. (l9tt5).
Ill-ibcts of conditioled running on plasma, liver and brain
tryptophan and 5-HT nietabolism of rat. British Journal
of Pharmacology, 86,'j341 .

Cheuvront S.N., C:ir ter R., Kolka M.A., Liehernian H.l l . ,
Kellogg M.D., & Sar.vka M.N. (2004). Branched-chain
amino acid supplementation and human perfonnance when
hypohydrated in the heat. Journal ofApptied Plrysiolog,,
e7(4), 127 5-1282.

Cobum, .1.W, I loush, D..1.,  Housh, T.J.,  Malek, M.H., l ieck,
l'.W., Cramer, J.'ll, . . . Donlin, P.F. (2006). Eltects ol'
leucine and whey protein supplenrentiition during eight
wccks of'unifatcral rcsistancc training. JourrtctL oJ Strength
a nd Co nd i r io n.i n g R e sea rr: h, 20(2), 281-29 1 .

Cribb Pi.,  Wii l ianrs A.I). ,  Oarey M.F., & Haycs A. (2006). The
elfect ol whey isolate and resistance training on st length,
body conrposition, and plasr-na glutamine . Internati.onal
,lournaL oJ Sport Nutritiott und Exerci,te lVletuboli,tnt,
16(.s),494-509.

ClLibb, PJ., Wil l iams, A.D., Stathis, C-' .C' i . ,  Carey, M.F, & Haycs.
A. (2007). Elfccts ol'whey isolate, creatine. and lcsistirncc
trainirrg on muscle hypertrophy. Medicine an.d Science in
Sltort,s rutd Exercise, J9(2), 29u--107.

Clowe M.J.. Weathcrson J.N., & Bowden B.F. (2006). Ell'ects r:l'
dietiu'y leucine su;rplementation on exerci se perlbrmance.
Eu rcpeut.lourn ul o.l. Applied I' hysi ol ogt,, 97(6). 66+-67 2.

Creenwood, M.R.C., & Oria, M. (Eds.),  C<lmmittee on Dictary
Supplenrent lJse by Military Pelsonnel, lnstitute crt'Metli-
cino. (2008). Use o,l'diatar\,supplements by militur\t per-
sornal. Waslrington, DC: '['he NaLional Acatlcrnics Prcss.

Hassrtrcn, P., Bk.rnrstrand, Irl.S.. Irlckblonr, lJ., & Ncwsholnic,
E.A. (1994). I l ranchcd-chain amino acid supplcnrcnta-
tion during 130-km courpetitive run: Mr.rod and cognitive
pertbrmance. Nutrilion (Burbank, Los Angeles County,
Cali l ' . ) ,10,405-410.

Jones W.P., Loe S.A., Krach S.K. I lager I l .Y., & Jones H.M.
(2008) C I i n i c a I N e u ro p s t c h tL l o Er, 2 2 (2) :3 0 5 -20.

Kcrksick C.N,{.,  Rasmussen C.J., Lancastel S.L., Magu 8..
Smith P., Melto C., .  .  .  Kreider, R.l l .  (2006). The el lects
of protein and anrino acid supplemeutation on pcrfbrnance
anci training aclaptations cluring ten weeks o1'resistance
trairring. Jou.rna! o.f ,Strengrh & Conditioning Re:;earch,
20(-r), {i43-6-53.

Klann E., Sweatt J.D. (2008). Altered protein synthesrs is a
trigger 1'or long-lerm memory lirnnation. Neurobiology
o.l Learnirtg and ll4emorv, 89(3), 241-259.

Koopman R., Verdik I-. ,  Mundcrs R.J., Gilsen A.P., Gorsel ink
M., Piipers Il., . . . van l-oon, 1...J. (2006). Cb-ingostion 01
protcin and lcucinc stimulatcs musclc protcin synthcsis
rat"cs to ths saffro oxtcnl in young and cldcrly lcan mcn.
A rne ri c ar L J ct u rnct I oJ C I ink: ul. N ut r it io n, 84 (3 ), 623-632.

Koopntan R., Wagennrakers A.J., Manders R.J., Zormnce A.l{.,
Senden J.M.. Golesfink M., . . . van I-oon, L.J. (200-5).
Clombined ingcstion of protein and free leucine with car-
bohydrate increases postexercise muscle protein synthesis
in vivo in male subjects. A merican JottrnaL of Physioktgy.
En tl oc ri rn lo gy a n d Ll e tabo lism, 2 88e), 645*653.



Mielke, M., Housh, T., Malek, M., Beck, T., Schmidt, R.,
Johnson, C., & Housh, D.J. (2009). The eff'ects of whey
protein and leucine supplementation on strength, muscular
endurance, and body composifion during resistance train-
ing, Journal of Exercise Pht,siology Online, /2(5), 39-50.

Norton, L.8., & Layman, D.K. (2006). Leucine regulates trans-
lation ofprotein synthesis in skeletal muscle atler exercise.
,Iournal of Nutrition, l.16(2), -533S-537S.

Poltier H., Chatard J.C,, Filaire E., Jaunet-Devienne M.F.,
RobertA., & Guezennec C,Y. (2008). Eff'ects of branched-
chain anrino acids supplementation on physiological and
psychological performance during an oftihore sailing race.
European Journal ofApplied Plrysiolo gy, I 04(5),7 87 I 94.

Whey Protein, Leucine, and Performance 417

Romanowski, W., & Grabiec, S. (1974). The role of serolonin
in the mechanism of central fatigue. Acta Plrysiologica
Polonica,25, 127-134.

Stdider H.K., Hollmann W., Platen P,, Donike M., Gotzmann
A., & Weber K. (1998). Influenceof paroxerine, branched-
chain amino acids and tyrosine on neuroendocrine system
responses and fatigue in humans. I/ormone and Metabolic
Res ea rc h, 3 0(4), 188-194.

Willoughby, D.S., Stout, J.R., & Wilbom, C.D. (2007), Effects
ofresistance training and protein plus aminp acid supple-
mcntation on muscle anabolism, mass, and strength. Amino
Acids, 32(4),467477.


